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(54)  Method  and  apparatus  for  Reed-Solomon  encoding  an  identification  field  using  words  of 
four  bits 

(57)  Identification  (ID)  error  detection  codes  are 
formed  which  are  synchronized  at  least  with  ID  data  and 
digital  data  of  fixed  length.  The  ID  data  are  firstly  sepa- 
rated  per  four  bits.  A  first  data  is  added  to  each  sepa- 
rated  four-bit  data.  The  data  to  which  the  first  data  is 
added  is  delayed  by  a  period  corresponding  to  each 
four-bit  data.  Further,  a  second  data  is  added  to  the  de- 
layed  data.  The  data  to  which  the  second  data  is  added 
is  delayed  by  the  period  corresponding  to  each  four-bit 

data.  The  delayed  data  to  which  the  second  data  is  add- 
ed  is  multiplied  by  a  coefficient  a4  related  to  a  Galois 
Field  (24)  to  generate  the  second  data.  Further,  the  de- 
layed  data  to  which  the  second  data  is  added  is  multi- 
plied  by  a  coefficient  a  related  to  the  Galois  Field  (24)  to 
generate  the  first  data.  Four-bit  Reed-Solomon  codes 
defined  on  the  Galois  Field  (24)  is  thus  formed.  The 
Reed-Solomon  codes  become  the  ID  data  error  detec- 
tion  codes. 
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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  error  detection 
code  forming  method  and  apparatus,  and  more  specif- 
ically  to  a  method  and  apparatus  for  forming  an  error 
detection  code  such  as  a  parity  code  each  added  to 
each  fixed  length  of  digital  data  as  a  redundant  code. 

There  are  a  conventional  apparatus  for  recording 
digital  data  on  a  storage  medium  and  reproducing  the 
recorded  digital  data  therefrom  and  a  conventional  ap- 
paratus  for  receiving  and  transmitting  digital  data.  In 
these  apparatus,  digital  data  required  to  be  recorded  or 
reproduced  are  firstly  separated  per  fixed  length;  sec- 
ondly  an  error  detection  code  is  added  to  the  separated 
digital  data  of  fixed  length  together  with  a  synchronous 
signal  and  identification  (ID)  data,  such  as,  address  da- 
ta;  and  then  these  data  are  recorded/reproduced  or 
transmitted  all  together  in  unit  of  block  signals. 

Figure  1  shows  an  example  of  the  format  of  the 
block  signals.  In  Fig.  1,  one  block  is  composed  of  112 
bytes  including  a  two-byte  synchronous  (Sync)  area  11 
arranged  at  a  head  position  as  a  reference  for  reproduc- 
tion,  a  three-byte  ID  data  area  12  (e.g.,  address  data), 
a  99-byte  data  field  1  3,  and  an  eight-byte  parity  area  1  4, 
all  arranged  in  sequence.  Here,  in  the  eight-byte  parity 
area  14,  a  parity  code  is  multiplexed  to  detect  an  error 
existing  in  this  block.  As  the  parity  error  code,  Reed- 
Solomon  codes  is  used,  for  instance. 

Here,  the  three-byte  ID  data  multiplexed  in  the  area 
1  2  for  transmission  and  reproduction  are  important  data 
used  for  returning  the  normally  obtained  block  to  the 
original  position,  when  a  part  of  block  signals  is  missing 
(e.g.,  ID  data  on  each  track  are  reproduced  discontinu- 
ous^  by  high-speed  reproduction).  Therefore,  it  is  nec- 
essary  to  judge  whether  the  reproduced  ID  data  are  re- 
liable  or  not  as  accurately  as  possible. 

For  this  purpose,  as  shown  in  Figs.  2A,  2B  and  2C, 
the  three-byte  ID  data  are  composed  of  first  ID  data  ID1  , 
second  ID  data  ID2,  and  ID  parity  data.  Further,  the 
eight-bit  first  ID  data  ID1  includes  four-bit  data  15  and 
three-bit  data  16;  the  eight-bit  second  ID  data  ID2  in- 
cludes  nine-bit  data  17;  and  the  ID  parity  data  includes 
an  eight-bit  error  detection  code  (e.g.,  parity  data)  for 
detecting  an  error  of  these  ID  data  15,  16  and  17.  Here, 
since  being  used  only  to  detect  an  error  of  the  ID  data, 
the  above-mentioned  parity  code  is  referred  to  as  an  ID 
parity. 

Further,  the  above-mentioned  four-bit  ID  data  15, 
three-bit  ID  data  16,  and  nine-bit  ID  data  17  are  three 
different  ID  data,  respectively,  and  the  number  of  bits  of 
thee  ID  data  and  the  number  of  these  ID  data  are  both 
set  to  an  appropriate  value,  respectively  according  to 
the  apparatus  to  which  these  ID  data  are  applied.  Fur- 
ther,  conventionally,  the  one-byte  ID  parity  as  shown  in 
Fig.  2(C)  forms  a  simple  parity  code  constructed  as  fol- 
lows: 

ID  parity  =  (ID1  +  ID2)  mod  2 

where  ID1  and  ID2  denote  the  first  byte  ID  data 
5  and  the  second  byte  ID  data  as  shown  in  Figs.  2A  and 

2B,  respectively.  Here,  the  above  expression  indicates 
that  the  ID  parity  code  is  an  addition  of  corresponding 
bits  of  the  two  ID  data  ID1  and  ID2  by  using  2  as  modulo. 
Therefore,  the  ID  parity  code  can  be  expressed  by  use 

10  of  8  codes  of  (3,  2,  2:  code  length,  data  length,  minimum 
distance).  In  other  words,  although  the  one-bit  error  can 
be  detected,  there  exists  a  possibility  that  a  two-bit  error 
may  be  overlooked. 

In  the  conventional  error  detection  code  forming 
15  method,  however,  since  the  (3,  2,  2)  codes  are  formed 

basically,  there  exists  a  possibility  that  a  two-bit  error 
cannot  be  detected  when  it  is  present.  Therefore,  in  the 
conventional  error  detection  code  forming  method,  in 
spite  of  the  fact  that  errors  occur  in  the  ID  parity  codes 

20  at  a  relatively  high  frequency,  there  exists  the  case 
where  the  errors  are  overlooked.  In  this  case,  the  error 
detection  capability  can  be  improved  by  increasing  the 
number  of  bits  of  the  ID  parity  data.  However,  the  ID  data 
12  and  the  parity  data  in  the  ID  parity  area  12  are  both 

25  redundant  bit  areas  (not  the  data  area  1  3),  and  there 
exists  a  limit  of  the  capacity  of  a  storage  medium.  It  is 
thus  impossible  to  increase  the  I  D  area  1  2.  Rather,  there 
exists  a  need  of  reducing  the  ID  area  12,  as  narrow  as 
possible. 

30 
SUMMARY  OF  THE  INVENTION 

With  these  problems  in  mind,  therefore,  it  is  an  ob- 
ject  of  the  present  invention  to  provide  an  error  detection 

35  code  forming  method  and  apparatus  which  can  improve 
the  error  detection  capability  markedly. 

To  achieve  the  above-mentioned  object,  the 
present  invention  provides  a  method  for  forming  an  error 
detection  code  for  digital  signals  sequentially  synthe- 

40  sized  in  unit  of  block,  each  block  being  formed  by  adding 
a  synchronous  signal,  identification  (ID)  data,  a  block 
error  detection  code,  and  an  ID  data  error  detection 
code,  in  unit  of  byte,  to  digital  data  separated  for  each 
fixed  length,  the  method  comprising  the  steps  of:  sepa- 

45  rating  the  ID  data  and  the  ID  error  detection  code  in  unit 
of  four  bits;  and  forming  Reed-Solomon  codes  defined 
on  a  finite  field  (24)  on  the  basis  of  the  separated  ID  data 
and  ID  error  detection  code,  as  ID  data  error  detection 
codes. 

50  Further,  the  present  invention  provides  a  method  of 
forming  identification  (ID)  error  detection  codes  to  be 
synchronized  at  least  with  ID  data  and  digital  data  of 
fixed  length,  the  method  comprising  the  steps  of:  sepa- 
rating  the  I  D  data  per  four  bits;  adding  a  first  data  to  each 

55  separated  four-bit  data;  delaying  the  data  to  which  the 
first  data  is  added  by  a  period  corresponding  to  each 
four-bit  data;  adding  a  second  data  to  the  delayed  data; 
delaying  the  data  to  which  the  second  data  is  added  by 

2 
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the  period  corresponding  to  each  four-bit  data;  multiply- 
ing  the  delayed  data  to  which  the  second  data  is  added 
by  a  coefficient  a4  related  to  a  Galois  Field  (24)  to  gen- 
erate  the  second  data;  and  multiplying  the  delayed  data 
to  which  the  second  data  is  added  by  a  coefficient  a  re- 
lated  to  the  Galois  Field  (24)  to  generate  the  first  data, 
thus  four-bit  Reed-Solomon  codes  defined  on  the  Galois 
Field  (24)  being  formed,  Reed-Solomon  codes  becom- 
ing  the  ID  data  error  detection  codes. 

Further,  the  present  invention  provides  an  appara- 
tus  for  forming  an  identification  (ID)  error  detection  code 
to  be  synchronized  at  least  with  ID  data  and  digital  data 
of  fixed  length,  the  apparatus  comprising:  separating  the 
ID  data  per  four  bits;  first  adding  means  for  adding  a  first 
data  to  the  ID  data  per  four  bits;  first  delaying  means  for 
delaying  the  data  to  which  the  first  data  is  added  by  a 
period  corresponding  to  the  four  bits;  second  adding 
means  for  adding  a  second  data  to  the  delayed  data; 
second  delaying  means  for  delaying  the  data  to  which 
the  second  data  is  added  by  the  period  corresponding 
to  the  four  bits;  first  multiplying  means  for  multiplying  the 
data  thus  delayed  by  the  second  delaying  means  with 
a  coefficient  a4  related  to  Galois  Field  (24)  to  generate 
the  second  data;  and  second  multiplying  means  for  mul- 
tiplying  the  data  thus  delayed  by  the  second  delaying 
means  by  a  coefficient  a  related  to  the  Galois  Field  (24) 
to  generate  the  first  data,  thus  four-bit  Reed-Solomon 
codes  defined  on  the  Galois  Field  (24)  being  formed,  the 
Reed-Solomon  code  becoming  the  ID  data  error  detec- 
tion  codes. 

Further,  present  invention  provides  a  method  of  de- 
tecting  an  error  of  an  identification  (ID)  data  by  means 
of  ID  data  error  detection  codes  synchronized  at  least 
with  the  ID  data  and  digital  data  of  fixed  length,  the  meth- 
od  comprising  the  steps  of:  adding  a  first  data,  by  using 
two  as  modulo,  to  a  synchronized  data  composed  at 
least  of  the  digital  data  of  fixed  length  divided  into  plu- 
rality  of  data  of  four  bits,  the  ID  data  and  the  ID  data 
error  detection  codes,  each  ID  data  error  detection  code 
being  formed  of  four-bit  Reed-Solomon  code  defined  on 
a  Galois  Field  (24);  delaying  the  synchronized  data  to 
which  the  first  data  is  added  by  a  period  corresponding 
to  the  four  bits  to  generate  the  first  data;  adding  a  second 
data,  by  using  two  as  modulo,  to  the  synchronized  data; 
delaying  the  synchronized  data  to  which  the  second  da- 
ta  is  added  by  the  period  corresponding  to  the  four  bits; 
multiplying  the  delayed  data  to  which  the  second  data 
is  added  by  a  coefficient  a  related  to  the  Galois  Field 
(24)  to  generate  the  second  data;  and  judging  that  the 
ID  signal  has  no  error  when  both  the  first  and  second 
data  are  zero. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  an  illustration  showing  an  example  of  a  sig- 
nal  format  for  transmitting  error  detection  codes; 
Figs.  2(A),  2(B)  and  2(C)  are  illustrations  each 
showing  a  detail  of  the  ID  area  shown  in  Fig.  1  . 

Fig.  3  is  a  block  diagram  showing  an  embodiment 
of  the  error  detection  code  forming  apparatus  ac- 
cording  to  the  present  invention; 
Fig.  4  is  a  timing  chart  for  assistance  in  explaining 

5  the  operation  of  the  error  detection  code  forming  ap- 
paratus  shown  in  Fig.  3; 
Figs.  5A  and  5B  are  block  diagrams  showing  error 
detection  circuits  in  the  code  word  reproducing  sys- 
tem  (or  reception  system);  and 

10  Fig.  6  is  a  timing  chart  for  assistance  in  explaining 
the  operation  of  the  error  detection  circuit  shown  in 
Figs.  5A  and  5B. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
15  EMBODIMENTS 

An  embodiment  of  the  error  detection  code  forming 
method  and  apparatus  according  to  the  present  inven- 
tion  will  be  described  hereinbelow  with  reference  to  the 

20  attached  drawings. 
Figure  3  shows  an  error  detection  code  forming  ap- 

paratus  according  to  the  present  invention,  and  Fig.  4 
shows  the  timing  chart  for  explaining  the  operation  of 
the  apparatus  shown  in  Fig.  3.  The  error  detection  code 

25  forming  apparatus  shown  in  Fig.  3  is  provided  with  a  first 
adder  21  ,  a  first  switch  22,  a  first  delay  circuit  23,  a  sec- 
ond  adder  24,  a  second  delay  circuit  25,  a  first  multiplier 
26  for  multiplying  a  coefficient  a4,  a  second  multiplier  27 
for  multiplying  a  coefficient  a,  and  a  second  switch  28. 

30  The  second  switch  28  changes  the  output  data  from 
four-bit  ID  data  applied  through  an  input  terminal  20  to 
four-bit  output  data  applied  from  the  delay  circuit  25  or 
vice  versa,  and  outputs  the  switched  four-bit  data 
through  an  output  terminal  29. 

35  The  respective  elements  of  the  error  detection  code 
forming  apparatus  shown  in  Fig.  3  operates  in  synchro- 
nism  with  a  clock  as  shown  in  Fig.  4(a).  Further,  the  first 
and  second  delay  circuits  23  and  25  and  the  first  and 
second  multipliers  26  and  27  are  all  cleared  by  a  clear 

40  pulse  as  shown  in  Fig.  4(b),  before  data  are  input  to  the 
input  terminal  20. 

The  ID  data  of  eight-bit  (one-byte)  unit  are  input  4 
bits  by  4  bits  in  parallel  to  each  other  in  sequence 
through  the  input  terminal  20  to  the  first  adder  21  and  a 

45  terminal  H  of  the  second  switch  28,  as  symbol  data. 
In  other  words,  as  shown  in  Fig.  4(c),  16-bit  ID  data 

are  input  as  four-bit  symbol  data  in  sequence  of  SO,  S1  , 
S2  and  S3  in  synchronism  with  the  clock  as  shown  in 
Fig.  4(a).  While  these  four  symbol  data  SO  to  S3  are  be- 

so  ing  input,  a  switch  control  signal  applied  to  the  first 
switch  22  is  set  to  the  high  level  as  shown  in  Fig.  4(d) 
to  set  the  first  switch  22  to  its  terminal  H.  In  the  same 
way,  a  switch  control  signal  applied  to  the  second  switch 
28  is  set  to  the  high  level  as  shown  in  Fig.  4(e)  to  set 

55  the  second  switch  28  to  its  terminal  H. 
Therefore,  the  four  symbol  data  SO  to  S3  input 

through  the  input  terminal  20  are  output  to  the  output 
terminal  29  through  the  second  switch  28  as  they  are, 

3 



5 EP  0  766  407  A2 6 

as  shown  in  Fig.  4(f).  Further,  the  four  symbol  data  SO 
to  S3  are  supplied  to  the  first  delay  circuit  23  through 
the  first  adder  21  and  the  first  switch  22.  After  having 
been  delayed  one-symbol  period  (corresponding  to 
symbol  data  SO,  for  example)  by  the  first  delay  circuit 
23,  the  four  delayed  symbol  data  SO  to  53  are  supplied 
to  the  second  adder  24.  The  output  data  of  the  second 
adder  24  are  further  delayed  the  one-symbol  period  by 
the  second  delay  circuit  25  and  supplied  to  the  first  and 
second  multipliers  26  and  27.  The  further  delayed  sym- 
bol  data  SO  to  53  are  multiplied  by  two  coefficients  a4 
and  a.  The  output  data  of  the  first  and  second  multipliers 
26  and  27  are  supplied  to  the  second  and  first  adders 
24  and  21,  respectively,  and  then  added  to  the  output 
data  of  the  first  delay  circuit  23  and  to  the  symbol  data 
input  through  the  input  terminal  20,  respectively. 

After  that,  at  a  moment  when  the  fourth  symbol  data 
S3  have  been  all  input,  the  switch  control  signals  of  the 
first  and  second  switches  22  and  28  are  both  changed 
to  a  low  level,  as  shown  in  Figs.  4(d)  and  4(e).  The  first 
and  second  switches  22  and  28  are  then  both  set  to  their 
terminals  L,  so  that  the  output  terminal  29  is  disconnect- 
ed  from  the  input  terminal  20,  and  connected  to  an  out- 
put  end  of  the  second  delay  circuit  25.  Therefore,  at  a 
moment  when  the  fourth  symbol  data  53  have  been  all 
inputted,  the  four-bit  output  data  of  the  second  delay  cir- 
cuit  25  are  output,  as  parity  data,  to  the  output  terminal 
29  through  the  second  switch  28  in  sequence  of  P0  and 
P1,  as  shown  in  Fig.  4(f). 

Here,  the  above-mentioned  four-bit  parity  data  P0 
and  P1  are  Reed-Solomon  codes  each  defined  on  a  fi- 
nite  field,  that  is  Galois  Field  (GF)  24,  which  can  be  ex- 
pressed  by  a  primitive  polynomial  x4+x+1  and  a  gener- 
ating  polynomial  (x+a)  •  (x+1)  (a:  a  primitive  element  of 
0010).  The  parity  data  P0  and  P1  formes  a  code  word 
CW  of  24  bits  (=three  bytes)  in  total  together  with  the 
four  symbol  data  SO  to  S3  as  follows: 

where  S4  =P0  and  S5  =P1 
The  generating  polynomial  (x+a)-(x+1)  equals  x2+ 

(a  +1  )x+a.  And,  a4  is  identical  to  (a+1  )  when  calculated 
on  the  finite  field  GF  defined  by  the  primitive  polynomial 
x4+x+1.  Thus,  the  expression  x2+(a+1)x+a  is  identical 
to  x2+a4x+a.  Tiiese  a4  and  a  correspond  to  the  coeffi- 
cients  a4  and  a  of  the  multipliers  26  and  27,  respectively. 

As  described  above,  in  the  present  invention,  the  ID 
parity  is  defined  by  forming  the  Reed-Solomon  code  on 
the  basis  of  multiplication  obtained  by  using  x4+x+1  on 
a  finite  field  GF  (24)  as  modulo  and  by  using  a=(0010) 
as  a  primitive  element.  Therefore,  in  spite  of  the  one- 
byte  parity  quantity  (the  same  as  the  conventional  sim- 
ple  parity),  two  ID  parity  codes  can  be  formed  on  the 

basis  of  the  four  symbol  data  in  unit  of  four  bits,  so  that 
it  is  possible  to  improve  the  error  detection  capability  of 
the  ID  data  markedly,  as  compared  with  the  convention- 
al  parity  code. 

5  As  described  above,  a  feature  of  the  invention  is 
that,  with  respect  to  Fig.  1  ,  the  error  detection  code  (area 
14)  in  unit  of  1  byte  (8  bits)  is  attached  to  the  data  (area 
13)  while  two  ID  error  detection  codes  each  in  unit  of  4 
bits  are  attached  to  the  ID  data  (area  12).  The  entire 

10  block  signal  format  according  to  the  invention  is  the 
same  as  shown  in  Fig.  1  . 

Here,  the  construction  and  operation  of  a  reproduc- 
tion  system  (reception  system)  for  the  code  words  hav- 
ing  the  error  correction  codes  formed  as  described 

is  above  will  be  described  hereinbelow. 
Figures  5A  and  5B  show  block  diagrams  each 

showing  the  reproduction  system  (reception  system), 
and  Fig.  6  shows  a  timing  chart  for  assistance  in  explain- 
ing  the  operation  thereof. 

20  In  the  reproduction  system  (reception  system) 
shown  in  Fig.  5A,  four-bit  reception  signal  data  are  input 
through  an  input  terminal  30  in  synchronism  with  the 
clock  as  shown  in  Fig.  6(a),  and  then  input  to  a  delay 
circuit  32  via  an  adder  31  cleared  by  a  clear  pulse  as 

25  shown  in  Fig.  6(b).  After  having  been  delayed  by  one- 
symbol  time  by  the  delay  circuit  32,  the  four-bit  reception 
data  are  output  through  an  output  terminal  33  and  fur- 
ther  feed-backed  to  the  adder  31  . 

Here,  since  four  symbol  data  SO  to  S3  and  two  ID 
30  parity  codes  P0  and  P1  are  input  to  the  input  terminal 

30  in  sequence,  as  shown  in  Fig.  6(c),  a  syndrome  SYO 
obtained  by  adding  these  six  data  in  sequence  by  using 
2  as  modulo  is  output  from  the  output  terminal  33  at  a 
timing  as  shown  in  Fig.  6(f). 

35  Further,  in  the  reproduction  system  (reception  sys- 
tem)  shown  in  Fig.  5B,  four-bit  reception  signal  data  are 
input  through  an  input  terminal  40  in  synchronism  with 
the  clock  as  shown  in  Fig.  6(a),  and  then  input  to  a  delay 
circuit  42  via  an  adder  41  cleared  by  a  clear  pulse  as 

40  shown  in  Fig.  6(b).  After  having  been  delayed  by  one- 
symbol  time,  the  four-bit  reception  data  are  output 
through  an  output  terminal  44  and  further  feed-backed 
to  the  adder  41  via  a  multiplier  43  (after  having  been 
multiplied  by  a  coefficient  a). 

45  Here,  four  symbol  data  SO  to  S3  and  two  ID  parity 
codes  P0  and  P1  are  input  to  the  input  terminal  40  in 
sequence,  as  shown  in  Fig.  6(c).  The  input  data  are  add- 
ed  to  a  value  obtained  by  multiplying  the  preceding  data 
among  these  six  data  by  the  coefficient  a  by  using  2  as 

so  modulo,  and  further  the  succeeding  data  are  added  to 
a  value  obtained  by  multiplying  the  obtained  addition  re- 
sult  data  by  the  coefficient  a  by  using  2  as  modulo.  That 
is,  a  syndrome  SY1  obtained  by  repeating  the  above- 
mentioned  additions  is  outputted  in  sequence  from  the 

55  output  terminal  44  at  a  timing  as  shown  in  Fig.  6(g).  Fur- 
ther,  Figs.  6(d)  and  6(e)  indicate  the  control  signals  of 
the  circuits  shown  in  Figs.  5A  and  5B,  respectively. 
Therefore,  when  the  two  syndromes  SYO  and  SY1  ob- 

4 
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tained  as  described  above  are  both  at  "O",  it  can  be 
judged  that  there  is  no  error. 

As  described  above,  since  the  ID  parity  detecting 
circuit  is  constructed  for  detecting  the  Reed-Solomon 
codes  on  the  finite  field  GF  (24),  the  detecting  circuit  can 
be  constructed  simply,  as  compared  with  the  conven- 
tional  error  detecting  circuit. 

Further,  the  present  invention  is  not  limited  only  to 
the  above-mentioned  embodiment.  For  instance,  as  far 
as  an  addition  of  the  ID  data  and  the  ID  parity  code  is 
less  than  4x15  bits,  any  combination  of  both  can  be 
adopted.  Further,  in  the  above-mentioned  embodiment, 
although  the  primitive  polynomial  x^x+1  is  used  to  in- 
troduce  the  a  finite  field  on  GF  (24),  another  primitive 
polynomial  (e.g.,  x4+x2+1)  can  be  also  used.  Further, 
with  respect  to  the  generating  polynomial  of  (x+a)  • 
(x+1),  another  generating  polynomial  (e.g.,  (x+a2)- 
(x+1))  can  be  also  used. 

As  described  above,  in  the  error  detection  code 
forming  method  and  apparatus  according  to  the  present 
invention,  the  ID  data  are  input  as  symbol  data  for  each 
four-bit  unit  and  further  the  Reed-Solomon  code  defined 
on  the  finite  field  GF  (24)  is  used  as  the  ID  data  error 
detection  code.  It  is  thus  possible  to  improve  the  ID  data 
detection  capability  markedly,  as  compared  with  the 
conventional  ID  data  error  detection  code  using  eight  (3, 
2,  2)  codes,  in  spite  of  the  fact  that  the  same  parity  quan- 
tity  is  used.  Further,  since  the  parity  forming  apparatus 
can  form  the  Reed-Solomon  code  defined  on  the  finite 
field  GF  (24),  it  is  possible  to  simplify  the  circuit  construc- 
tion  by  using  only  16  bits. 

Claims 

1.  A  method  for  forming  an  error  detection  code  for 
digital  signals  sequentially  synthesized  in  unit  of 
block,  each  block  being  formed  by  adding  a  syn- 
chronous  signal,  identification  (ID)  data,  a  block  er- 
ror  detection  code,  and  an  ID  data  error  detection 
code,  in  unit  of  byte,  to  digital  data  separated  for 
each  fixed  length,  the  method  comprising  the  steps 
of: 

separating  the  ID  data  and  the  ID  error  detec- 
tion  code  in  unit  of  four  bits;  and 
forming  Reed-Solomon  codes  defined  on  a  fi- 
nite  field  (24)  on  the  basis  of  the  separated  ID 
data  and  ID  error  detection  code,  as  ID  data  er- 
ror  detection  codes. 

2.  A  method  of  forming  identification  (ID)  error  detec- 
tion  codes  to  be  synchronized  at  least  with  ID  data 
and  digital  data  of  fixed  length,  the  method  compris- 
ing  the  steps  of: 

separating  the  ID  data  per  four  bits; 
adding  a  first  data  to  each  separated  four-bit 

data; 
delaying  the  data  to  which  the  first  data  is  add- 
ed  by  a  period  corresponding  to  each  four-bit 
data; 

5  adding  a  second  data  to  the  delayed  data; 
delaying  the  data  to  which  the  second  data  is 
added  by  the  period  corresponding  to  each 
four-bit  data; 
multiplying  the  delayed  data  to  which  the  sec- 

10  ond  data  is  added  by  a  coefficient  a4  related  to 
a  Galois  Field  (2')  to  generate  the  second  data; 
and 
multiplying  the  delayed  data  to  which  the  sec- 
ond  data  is  added  by  a  coefficient  a  related  to 

is  the  Galois  Field  (24)  to  generate  the  first  data, 
thus  four-bit  Reed-Solomon  codes  defined  on 
the  Galois  Field  (24)  being  formed,  Reed-Solo- 
mon  codes  becoming  the  ID  data  error  detec- 
tion  codes. 

20 
3.  The  method  according  to  claim  2,  wherein  each 

Reed-Solomon  code  is  expressed  by  a  primitive 
polynomial  x4+x+1  and  a  generating  polynomial 
(x+a)  •  (x+1)  (a:  a  primitive  element  of  0010). 

25 
4.  The  method  according  to  claim  2,  wherein  each 

Reed-Solomon  code  is  expressed  by  a  primitive 
polynomial  x4+x2+1  and  a  generating  polynomial 
(x+a2)  •  (x+1)  (a:  a  primitive  element  of  0010). 

30 
5.  An  apparatus  for  forming  an  identification  (ID)  error 

detection  code  to  be  synchronized  at  least  with  ID 
data  and  digital  data  of  fixed  length,  the  apparatus 
comprising:  separating  the  ID  data  per  four  bits; 

35 
first  adding  means  for  adding  a  first  data  to  the 
ID  data  per  four  bits; 
first  delaying  means  for  delaying  the  data  to 
which  the  first  data  is  added  by  a  period  corre- 

40  sponding  to  the  four  bits; 
second  adding  means  for  adding  a  second  data 
to  the  delayed  data; 
second  delaying  means  for  delaying  the  data  to 
which  the  second  data  is  added  by  the  period 

45  corresponding  to  the  four  bits; 
first  multiplying  means  for  multiplying  the  data 
thus  delayed  by  the  second  delaying  means 
with  a  coefficient  a4  related  to  Galois  Field  (24) 
to  generate  the  second  data;  and 

so  second  multiplying  means  for  multiplying  the 
data  thus  delayed  by  the  second  delaying 
means  by  a  coefficient  a  related  to  the  Galois 
Field  (24)  to  generate  the  first  data,  thus  four- 
bit  Reed-Solomon  codes  defined  on  the  Galois 

55  Field  (24)  being  formed,  the  Reed-Solomon 
code  becoming  the  ID  data  error  detection 
codes. 

5 
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6.  A  method  of  detecting  an  error  of  an  identification 
(ID)  data  by  means  of  ID  data  error  detection  codes 
synchronized  at  least  with  the  ID  data  and  digital 
data  of  fixed  length,  the  method  comprising  the 
steps  of:  5 

adding  a  first  data,  by  using  two  as  modulo,  to 
a  synchronized  data  composed  at  least  of  the 
digital  data  of  fixed  length  divided  into  plurality 
of  data  of  four  bits,  the  ID  data  and  the  ID  data  10 
error  detection  codes,  each  ID  data  error  de- 
tection  code  being  formed  of  four-bit  Reed- 
Solomon  code  defined  on  a  Galois  Field  (24); 
delaying  the  synchronized  data  to  which  the 
first  data  is  added  by  a  period  corresponding  to  15 
the  four  bits  to  generate  the  first  data; 
adding  a  second  data,  by  using  two  as  modulo, 
to  the  synchronized  data; 
delaying  the  synchronized  data  to  which  the 
second  data  is  added  by  the  period  correspond-  20 
ing  to  the  four  bits; 
multiplying  the  delayed  data  to  which  the  sec- 
ond  data  is  added  by  a  coefficient  a  related  to 
the  Galois  Field  (24)  to  generate  the  second  da- 
ta;  and  25 
judging  that  the  ID  signal  has  no  error  when 
both  the  first  and  second  data  are  zero. 

30 
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